Abstract
Introduction
Due to the technology innovation and cost reduction, during the last two decades, renewable wind energy is enjoying a rapid growth globally to become an important green electricity source to replace polluting and exhausting fossil fuel. Wind energy has been noted as the fastest growing renewable power generation technology in the world, with an annual growth rate in excess of 30% and a foreseeable penetration of 12% of global electricity demand by 2020 [1] [2] [3] . The installed capacity of wind power increased constantly year by year, the integration of lots of wind power and grid changed original load flow of the power system. However, wind energy is random and wind farm is composed of large number of induction generators which are different from synchronous machine. So the power quality of the wind farms has become a significant issue for both power system and customers. Under these conditions, the modern power systems are facing some major challenges such as voltage regulation, power flow control, transient stability, and of power oscillation, etc [4, 5] .
In a power distribution system, voltage sag contributes more than 80% of power quality (PQ) problems that exist in power systems. It is caused by a fault in the utility system, a fault within the customer's facility or a large increase of the load current, like starting a motor or transformer energizing, operation of process controllers . The because it provides many advantages, in particular the fast response time and superior voltage support capability with its nature of voltage source. Controlled reactive power sources are commonly used for load voltage regulation in presence of disturbances like voltage sag. Due to their high control bandwidth, STATCOM based on three -phase pulse width modulation voltage source converters, have been proposed for this application [6] . With the recent innovations in high power semiconductor switch, converter topology and digital control technology [7] [8] [9] , which is promising to help integrate wind energy into the grid to achieve a more cost -effective and reliable renewable wind energy. STATCOM consist of an inverter, transformers, a parallel converter, capacitor, and control block [10, 11] . The typical application of STATCOM is to support reactive power by leading electronics switches trigging to control a single output voltage basic wave form. Both output voltage angle and amplitude are two control parameters of STATCOM and they can provide voltage support and the reactive power. Consequently, the reactive power control system depends on the capacitor voltage dynamics, which has to be kept relatively slow. If someone wants to achieve the faster dynamics current controller, you must design a fast control strategy implementation.
In order to ensure the fast response time and superior voltage support capability, this paper presents a sliding mode controller for STATCOM based wind farm. The remainder of this paper is organized as follows. In section 2, the dynamic model of power system and controller design is depicted. In Section 3, the dynamic simulations works are carried out for the wind power to verify the performance of the proposed STATCOM and its strategy. Finally, conclusions are drawn in Section 4. Figure 1 shows the system under study. The power system is represented by grid.
System Model and Controller Design

System Model
Figure 1. Schematic Configuration of the System with STATCOM
The system considered here is a simplified model of a wind farm with STATCOM. To facilitate the analysis, Figure1 ignores the resistance of the inverter part and L is inductance Equation (1) is a third order nonlinear coupled mathematical model of STATCOM. That is a traditional multi-variable, nonlinear and coupled system, and control accuracy, dynamic performance of such system can not be met by classic control. It was more dependent on motor parameters, once the parameters had changed, the effect of the system control would be affected. So the coupling and the design process would be complex. It applied the inverse system method based on nonlinear feedback linearization technology for system decoupling in this paper [13] [14] [15] .
Controller Design
Assuming that the dynamics of the DC bus voltage is much slower than that of the AC currents, the value U dc in each sample period can be considered constant. Then the states of the STATCOM are:
Take the input variables :
Take the output variables:
So the invert system expression of STATCOM mathematical model can be got as equation (5).
Thus it can be seen that STATCOM is a nonlinear system which has two inputs and two outputs. Let's define the virtual inputs as: (6) Take z 1 =y 1 , z 2 =y 2 , then the standard form of STATCOM are:
As a kind of robust nonlinear feedback control method, sliding mode control is able to respond quickly, invariant to systemic parameters and external disturbance. Determining a sliding surface is the key of sliding mode control. The design of sliding mode controller can be used to stabilize the state of the system near the sliding surface as the result in the stability of control system only when the changed sliding surface meet . In order to reduce the intensity of buffeting on the symbolic function smoothing, this paper adopts exponential reaching law mode Combined with the sliding mode reaching law of equation (9), then (10) Thus, virtual control V can be obtained as:
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Simulation Results and Discussion
In order to validate the mathematical analysis and, hence, to establish the effectiveness of the proposed control scheme, simulations works are carried out for the wind power as Figure1. Performance of the proposed model and the controller design were verified using computer simulation performed in SIMULINK/MATLAB. In addition, the simulation results of the proposed model and the PSB in SIMULINK/MATLAB are compared in order to verify the proposed model. The wind farm consisting of six 1.5MW wind turbines is connected to a 25kV distribution system exports power to a 120kV grid through a 25kV feeder. The 9MW wind farm is simulated by three pairs of 1. The Figure 2 show the grid voltage (V t ) simulation results with classical PI control inverse system and Sliding Mode Control of inverse system, the Figure 3 show the active power (P) simulation results and the figure 4 show the reactive power (Q) simulation results.
When grid A phase voltage drop 20%in 2 seconds, and recover in 2.1seconds. As shown in Figure 2 , the grid voltage is dropped 0.3 pu. , we can see that the grid voltage with sliding mode controller reaches its reference within 1 s, but the grid voltage with PI controller reaches its reference take longer time to recover. Additionally, the responses of the sliding mode control can provide good damping to the oscillatory of the system. It can be seen from Figure 3 and Figure 4 , active power and reactive power also have a good rising and settling time with sliding mode controller than the classical PI controller. When A phase of grid voltage drop 20%, using the sliding mode control strategy, the grid voltage is relatively stable, active power and reactive power fluctuation is small.
Above of all, as can be seen the post fault are come into a new equilibrium, sliding mode controller provides good damping to the oscillatory of the system, grid voltage is regulated to its first failure value very quickly, active power and reactive power can also be stabilized soon in the new value. It is quite evident that the proposed controller achieves good transient stability and voltage regulation than classical PI control of inverse system. The simulation results show that the control method in this paper has good dynamic stability.
Conclusion
High penetration of wind power in the power system has caused new challenges to the operation, control and stability of modern electric power system. This work reveals that there has been a significant increase in interest of STATCOM and its control methods. A sliding mode controller has been designed in this paper for external control of a STATCOM connected to the wind farm.
Performance of the propose model and the controller design are verified by using computer simulation performed in SIMULINK/MATLAB. The simulation results show that the STATCOM with proposed sliding mode controller can assist in improving capability of the wind farms to ride through disturbances, it's reaching time and tracking error in the approaching phase can be significantly reduced, dynamic power flow control of the transmission on lines, enhancing power oscillation damping. Comparing with the classical PI controller of inverse system, the proposed sliding mode controller is more effective and more stable for damping the speed deviations of the system grid under a sudden fault.
